INTRODUCTION
Over the last two decades the paleontology and stratigraphy of the El Cien Formation, Baja California Sur, has been studied. Most studies have focused on microfossils (Carreño 1992) , pollen (Martínez-Hernández & Ramírez-Arriaga 1996) , vertebrate and invertebrate remains (Applegate 1986 (Martínez-Cabrera 2002) . Within the wood assemblage, the Anacardiaceae are among the most common. In addition to the wood of Tapirira described here, there are two wood types whose anatomy strongly resembles that of Anacardiaceae; however, their preservation prevents a complete understanding of their anatomy, and description and discussion of their relationships with the extant genera need to wait until better preserved material is collected.
The fossil record of Anacardiaceae is broad. In a recent literature review, Ramírez Garduño (1996) found approximately 120 Anacardiaceae reports based on pollen, wood and leaf samples, representing 30 genera. The largest number are from Tertiary sediments of the United States of America; however, Anacardiaceae also occur in Tertiary sediments of Europe, Asia, Mexico, Central-South America and the Antilles. Tapirira (wood and flowers) has been reported from the Tertiary of North America, including Oregon, Baja California Peninsula, and Chiapas (Miranda 1963; McKeown et al. 1991; Ramírez Garduño1996; Manchester 1999) . This paper confirms a wider past distribution of Tapirira and contributes to the understanding of the biogeographic history of southern Mexico.
MATERIALS AND METHODS
The El Cien Formation is exposed c. 100 km to the northwest from La Paz, Baja California Sur (Fig. 1) , and consists of alternating shale, sandstone, and limestone with tuffaceous and diatomaceous intercalations (Applegate 1986 ). This sedimentary sequence was deposited during the late Oligocene-early Miocene (27-17 mybp); the Formation rests unconformably on the late Cretaceous to Eocene Tepetate Formation, and is overlain by volcanic rocks of the Comondú Formation (Fischer et al. 1995) . The wood described here was collected in the Cañada El Canelo locality, where the upper member of the El Cien Formation, Cerro Colorado member, outcrops extensively (Applegate 1986) . Cañada El Canelo is located c. 3.5 km southeast of the town El Cien (Fig. 1 ).
There is no radiometric dating of the Cerro Colorado member; however, K-Ar radiometric dates for the underlying member give an age of 25.5 ± 0.4 mybp, while the overlaying volcanic rocks have been dated at 21 ± 0.4 mybp (Hausback 1984) . Fischer et al. (1995) conclude that the sediments of the Cerro Colorado member were deposited between 25 and 22 mybp (early Miocene). Microscopic slides of the cross, radial and tangential wood planes were prepared using the standard thin section technique. Except for the radial canals, cell dimensions are based on at least 25 measurements. In the descriptions, quantitative data are given as a range of all samples measured, thus, registering their extreme values. The mean of each quantitative character was obtained considering the mean of each of the six studied samples. The terminology follows, in general, the IAWA list of microscopic features (IAWA Committee 1989) .
The identification of the wood samples was carried out by consulting literature (e.g., Terrazas 1994; Terrazas & Wendt 1995; Metcalfe & Chalk 1950) , and the OPCN database of the Guess program (Wheeler et al. 1986; LaPasha & Wheeler 1987) . Based on the results of the literature review, the fossil material was then compared with extant and fossil Tapirira wood, as well as with other anacardiaceous woods. Slides of extant T. mexicana Marchand and the Eocene T. clarnoensis Manchester (Manchester 1977) were on loan from the Xiloteca Nacional of the Instituto de Biología, UNAM, and the Florida Museum of Natural History, Gainesville, respectively. The fossil specimens of Tapirira are housed in the Colección Nacional de Paleontología of the Instituto de Geología, UNAM. To further understand the infrageneric relationships based on anatomical similarity between the El Cien Tapirira peninsularis and the extant species T. guianensis Aubl., T. obtusa (Benth.) J.D. Mitchell, T. chimalapana Wendt & J.D. Mitchell and T. mexicana Marchand, and the fossil T. clarnoensis Manchester, both cluster and principal component analyses (PCA) were performed. The PCA combines the original variables to find new axis of variation among the original data. When the original variables (characters) are correlated the variation is better explained, and a smaller number of transformed variables (principal components) are needed to explain variation (Sneath & Sokal 1973) . Following Terrazas and Wendt (1995) the characters chosen for the analyses ( Table 1 ) are those that had higher loads in their canonical discrimination and factor analyses. Choosing the characters with higher charge from the Terrazas & Wendt (1995) analysis guarantees that those characters with little incidence to explain variability are discarded. From the 38 characters used by Terrazas and Wendt (1995) eight (six presented in Table 1 plus vessel element and fiber wall thickness) are the best discriminators among the groups. Though vessel element and fiber wall thickness have high charges in the Terrazas & Wendt (1995) analyses, we excluded them from the analysis based on the probable alteration of cell walls during fossilization. The 6 characters considered are quantitative continuous (Table 1 ). In the case of extant species all measurements were taken entirely from Terrazas & Wendt (1995) . The measurements for T. peninsularis and T. clarnoensis were obtained directly from the specimens. (27) 140 (14) 132 (15) 154 (19) 145 (13) eter (μm) 2 Fiber lumen diameter (μm) 10 (3) 16 (3) 22 (2) 20 (2) 10.4 (3.3) 14.3 (2.1) Table 1 . Basic data matrix of extant and fossil Tapirira species showing mean and standard deviation (in parenthesis) of the characters employed in the numerical analyses. The percentage of rays with radial canals represent the mean value of the maximum and minimum percentages of the original data (Terrazas & Wendt 1995) ; therefore the standard deviation is not presented.
Fossil and extant Tapirira species
To reduce the effects of different scales in different characters (Table 1) , the basic data matrix (BDM) was standardized by rows using a linear transformation algorithm (Sneath & Sokal 1973) . For the cluster analysis a dissimilarity matrix between operative taxonomic units (OTUs) was constructed using the average taxonomic distance algorithm. The phenogram was obtained using unweighted pair-group arithmetic average clustering (UPGMA). The cophenetic correlation coefficient (r) was calculated to measure the distortion between the dissimilarity and phenogram matrices. For the PCA analysis, a correlation matrix between characters was obtained and the resulting matrix was used for the eigen analysis. The resulting eigen vectors were then multiplied by the standardized matrix to project the OTUs into the first three PC axes ( Table 2 ). The analyses were carried out with the statistical package NTSyS 2.01 (Rohlf 1997) .
RESULTS

Systematic description
Class -Magnoliopsida Subclass -Rosidae Order -Sapindales Family -Anacardiaceae Genus -Tapirira Aublet Xylotype -Tapirira peninsularis Martínez-Cabrera et Cevallos-Ferriz, sp. nov.
( Fig. 2-12 ).
Etymology: The specific epithet, peninsularis, refers to the Baja California Peninsula, the geographic area in which the fossil material was collected. Species diagnosis: Diffuse-porous wood, growth rings marked by 3-5 flattened latewood fibers; vessels mainly solitary and in radial multiples (2-4 cells); intervascular pits alternate and oval to polygonal in outline, vessel-ray pits circular, angular and horizontally to vertically elongated, reduced borders to simple; libriform septate fibers, 1-3 septa per fiber; heterocellular rays, radial canals with 2-4 rows of epithelial cells; paratracheal parenchyma scanty and vasicentric.
Description: Diffuse-porous wood ( Fig. 2) with distinct growth rings marked by 3-5 flattened latewood fibres (Fig. 3) .
Vessel elements: circular to oval in outline ( Fig. 2-5) ; mean tangential diameter of 154 μm (s.d. 19 μm; range 110-230 μm); solitary (36-85%) and in radial multiples of 2-4, mean vessel frequency 10/mm 2 (s.d. 2.3/mm 2 ; range 7-13/mm 2 ) (Fig. 2-5) ; simple perforation plates in slightly oblique end walls; mean vessel element length 425 μm (s.d. 58.7 μm; range 190-450 μm); intervascular pits mostly oval to polygonal in outline, alternately distributed with a mean diameter of 10 μm (s.d. 2.4 μm; range 6-12 μm) (Fig. 8) ; vessel-ray pits with reduced borders to simple, circular, angular and horizontally to vertically elongated, with a mean diameter of 9 μm (s.d. 1.9 μm; range 6-11 μm) (Fig. 10, 12) ; thin-walled tyloses present.
Fibers: septate, with 1-3 septa per fiber; lumen mean tangential diameter of 10.4 μm (s.d. 3.3 μm, range 3-19 μm); mean wall thickness 3.9 μm (s.d. 0.76 μm; range 2-5 μm); simple pits, only seen in one sample, located on radial walls with a mean diameter of 1.5 μm (s.d. 0.46 μm).
Rays: heterocellular, 9.8/mm (s.d. 1.8/mm; range 8-12/mm) (Fig. 6, 7, 11 ). Uniseriate rays (14-42%) composed of upright, square and procumbent cells; 7 cells high (s.d. 2.4 cells; range 3-11 cells). Multiseriate rays 2-3 cells wide, mostly biseriate (Fig. 6, 7) ; 411 μm high (s.d. 97 μm; range 220-645 μm); central multiseriate portion of procumbent cells and uniseriate marginal extensions of 1-12 (mostly 1-6) upright or square cells. Radial canals in some multiseriate rays (Fig. 6 , 7, 9); mean tangential diameter of 50 μm (s.d. 14.8 μm; range 45-65 μm), delimited by a layer composed of 2-4 epithelial cells (Fig. 9) , occasionally, two canals per ray.
Axial parenchyma: vasicentric and scanty paratracheal (Fig. 2-5 ). Parenchyma strands of 4-6 cells.
Prismatic crystals occur in procumbent cells and in the uniseriate extension of the rays.
Numerical analyses
The resulting phenogram from the cluster analysis (Fig. 13) shows three major groups, with the extant species nested similar to the results of the analysis performed by Terrazas and Wendt (1995) . Extant Tapirira mexicana (Fig. 14-20, 27) level of 1.5. Although Terrazas and Wendt (1995) did not include T. clarnoensis (Fig.  21-26 ) in their analysis, they mention that this Eocene wood was anatomically closer to the T. guianensis group. A similar relationship was noted by Manchester (1977) and is supported by our phenetic analysis, where the T. guianensis group is composed for two subgroups; one includes T. clarnoensis and T. chimalapana, while the other includes T. guianensis and T. obtusa. Both subgroups are linked at a dissimilarity level of 0.95. In contrast, the Miocene plant from Baja California Sur, T. peninsularis, is an outlier and is joined to T. mexicana and the T. guianensis group at a phenetic distance of 1.7. The high cophenetic correlation (0.86) obtained in this analysis suggests a low distortion between the dissimilarity and phenogram matrices.
The anatomical similarity between the groups found by the numerical analyses can be observed by comparing the wood of the new fossil (Fig. 2-12 ) with those of representatives of the groups recognized by Terrazas and Wendth (1995; Fig. 14-27) .
The results of the PCA analysis are consistent with that of the cluster analysis (Fig.  28, 29 ). In the projection graph of the first and second principal components (Fig. 28 ) the T. guianensis group can be observed as a more or less compact complex in which T. clarnoensis can be included, while T. peninsularis and T. mexicana are outliers. Although in this projection, T. clarnoensis is clearly closer to the T. guianensis group, it is to the right on the first principal component axis. When the first vs third components are plotted (Fig. 29) it is recognized as an outlier towards the positive values of the third component. In the PC1 vs PC3 projection graph (Fig. 29) the characters have high loads in the third principal component, thus the topology of this graph is not supported by the variation of the characters. The first three principal components explain 97.11% of the variation. The character charges are presented in Table 2 .
The distribution of the OTUs on the space of characters observed in the PCA analysis (Fig. 28, 29 ) can be partially explained by the values of the eigen vectors (Table 2) . Based on loads of the first principal component, Tapirira clarnoensis, T. peninsularis and T. chimalapana have wider vessel elements and rays with radial canals are higher and wider than those of the species placed in the opposite side of the axis. However, the discriminant ability of the character height of rays with radial canal must be treated with caution since T. guianensis, located in the negative values on the first principal component, has almost the same height of the rays of T. chimalapana. The isolated position of T. peninsularis along the first principal component obeys to the extreme values of the three characters mentioned above. It has the widest rays and vessel elements and the tallest rays. In contrast, T. mexicana and T. obtusa have the lowest values for these characters, being located to the left of the graph (Fig. 29) .
The characters with higher loads in the second principal component are fiber lumen and percentage of rays with radial canals. In this component all members of the T. guianensis group and T. clarnoensis are located in the positive values, while T. peninsularis and T. mexicana are plotted in the negative values. The T. guianensis group is characterized by the presence of fibers with wide lumen and elevated percentages of rays with radial canals.
None of the characters have high charges in the third principal component. 
DISCUSSION
The wood structure of the fossil from El Cien Formation resembles that of Anacardiaceae and Burseraceae. Among the wood features that relate Tapirira peninsularis with both families are scanty and vasicentric axial parenchyma, heterogeneous rays, septate fibers and radial canals. The number of epithelial cells surrounding the radial canals, mostly biseriate rays, and vessel-ray pits often angular and horizontally elongated, agree with the wood structure of Tapirira. Tapirira peninsularis deviates from modern and fossil putative relatives only in quantitative features (Table 1) . Woods of extant Tapirira species are distinguished by their quantitative characters. Terrazas and Wendt (1995) re-evaluated the infrageneric classification of Tapirira using quantitative characters. They proposed the recognition of two phenetic units, 1) the T. guianensis group composed of T. guianensis and T. obtusa, distributed in Central and South America, and T. chimalapana endemic to the Isthmus of Tehuantepec, and 2) the T. mexicana group only composed of T. mexicana and distributed from southern Mexico to northern South America. Among the quantitative wood characters identified by Terrazas and Wendt (1995) as being the most useful in distinguishing between the two groups are: frequency and diameter of radial canals, diameter of fiber lumen, and wall thickness of fibers and vessels. The differences in magnitude of these quantitative characters translated to the position of the OTUs in the projection graphs and phenogram of our study support the recognition of a new species based on similar arguments used for the delimitation of Tapirira infrageneric phenetic units.
Tapirira peninsularis shares characters with both the T. guianensis and T. mexicana groups. The thick vessel element walls, short vessel element length, small diameter of fiber lumen, and low frequency of radial canals suggest a relationship between T. peninsularis and T. mexicana, while the presence of wider vessel and ray canal diameter, thinner fibres and mostly biseriate rays suggest a relationship with the T. guianensis group.
The combination of wood anatomical quantitative characters of Tapirira peninsularis also suggests that it may represent variability at a supraspecific level, probably at the same rank of T. mexicana and the T. guianensis groups defined by Terrazas and Wendt (1995) .
Biogeographic commentary
Low latitude North America (Mexico and Central America) has been suggested as an important area where studies on the history and evolution of some Anacardiaceae taxa should be focused (Ramírez Garduño 1996; Martínez-Millán 2000) . This is based on two main reasons. First, the diversity and the relatively high number of endemic genera (Actinocheita, Bonetiella, Malosma, Pseudosmodingium and Pachycormus; Martínez-Millán 2000) growing in Mexico. Second, several fossil Anacardiaceae taxa have been reported from Mexican Neogene and Paleogene sediments based on leaves and woods (Ramírez Garduño 1996) . Furthermore, the fossil record of the family in the area extends into the Cretaceous (Raven & Axelrod 1974; Martínez-Millán 2000) .
Judging from the relative abundance of the Anacardiaceae taxa in Mexican fossiliferous outcrops, the family could have been an important element in several paleocom-munities. For example, the earliest report for a member of the family corresponds with leaves comparable to those of Rhus collected in Maestrichtian sediments representing coastal plain deposits of the Olmos Formation, Coahuila ( Fig. 1 ; Martínez-Millán 2000; Ramírez & Cevallos-Ferriz 2002) . The fossil flora of the Oligocene Pie de Vaca Formation, in central Mexico (Puebla), has leaves and leaflets of Pseudosmodingium (Ramí-rez Garduño 1996; Ramírez et al. 2000) , Rhus, Haplorhus, Pistacia and Comocladia (Ramírez & Cevallos-Ferriz 2002) , as well as wood of Loxopterygium and Pseudosmodingium ( Fig. 1; Colina, pers. comm. 2002) , and pollen of cf. Rhus (Martínez-Hernández & Ramírez-Arriaga1999) . This flora has been interpreted as similar to a chaparral or a dry tropical forest. In contrast, flowers of Tapirira known from the Miocene amber of Simojovel, Chiapas ( Fig. 1; Miranda 1963 ) seem to be part of a more humid tropical forest. Unfortunately, the wood of Tapirira from the Miocene Comondú Formation in Baja California ( Fig. 1 ; McKeown et al. 1991 ) cannot now be discussed as part of a community. Other records include leaves of Anacardites from the Miocene Tehuantepec Formation in Oaxaca (Fig. 1) , and pollen of Comocladia from the Plio-Pleistocene Paraje Solo Formation in Veracruz (Fig. 1; Berry 1923; Graham 1998) ; both reports seem to validate the presence of humid tropical communities at the time of deposition of these localities.
Species diversity of Tapirira is today greater in South America than in North America. However, when the groups identified by Terrazas and Wendt (1995;  T. mexicana and T. guianensis) plus T. peninsularis are analyzed, it appears that through time the diversity of Tapirira, at the subgeneric level, has been higher in North America.
Therefore, modern Central and South American diversity could be explained as a consequence of a northern early diversification process of the genus. The fossil record of Tapirira appears to agree with this. Its temporal and spatial distribution suggests its establishment from northern to southern America and from older to younger strata (early noted by Manchester 1977; Cevallos-Ferriz & Ramírez 1998; Ramírez Garduño1999, Ramírez & Cevallos-Ferriz 2002 . Tapirira has been found in the Eocene of Oregon (Manchester 1977) , and to the South in the Miocene of Baja California Sur (McKeown et al. 1991; present record) , Oligocene/Miocene of Chiapas (Miranda 1963) , Miocene of Trinidad (based on leaves; Berry 1925), and Miocene of Colombia (Berry 1936) . It is necessary, however, to re-evaluate some of these records in order to fully sustain this trend.
A biogeographical analysis of Anacardiaceae (Martínez-Millán 2000) suggests a North American origin of Tapirira and their closer allies (Cyrtocarpa and Spondias). The spatial-temporal pattern of Tapirira preserved in the sedimentary rocks, together with phytogeographic evidence of a North American origin (Martínez-Millán 2000) , suggest that floristic interchange between North America to South America was possible in the late Tertiary, prior to the establishment of the Isthmus of Panama.
Another Anacardiaceae, Haplorhus, shares with Tapirira a similar geographical history. The only fossil known of Haplorhus is from Oligocene sediments of central Mexico (Ramírez & Cevallos-Ferriz 2002) , but today it is a monotypic endemic plant of Peru. This indicates a wider distribution in the past, but also suggests that some anacar-diaceous taxa may have reached their present South American distribution from the northern part of the continent (Ramírez & Cevallos-Ferriz 2002) . This biogeographic scenario, suggested by Tapirira and Haplorhus, may be further supported by the recent finding of Loxopterygium wood from Oligocene sediments in central Mexico by Colina (pers. comm. 2002) . This genus no longer grows naturally in Mexico, but forms part of extant vegetation from Venezuela to Argentina. More fossil records are needed, however, to confirm this (Ramírez & Cevallos-Ferriz 2002) .
Based on the fossil record and tectonic models, several routes available at different times have been proposed to explain the two-way floristic exchange between North America and South America (Wendt 1988) . Prior to the formation of the Panama land bridge, the migration of floristic elements between North and South America could have been via the protoantillean arc in the Cretaceous, through Antillean connections during the Tertiary, or via meridional Central America in the late Tertiary (Wendt 1998 ). All of the previous models encompass dispersal, and in most of the cases long distance dispersal. A recently explored alternative model to explain the floristic exchange between North and South America involves the Chortis Block (Ramírez & CevallosFerriz 2002) .This block was detached from Mexico in the upper Cretaceous and moved southward along the Pacific coast during the Tertiary, until it finally reached its present position (northern Central America). The relative position of the Chortis Block with respect to Mexico could facilitate the gathering of northern plants that travelled on this block toward the south and, consequently, bringing many low latitude North American plants with laurasian origins to more southern latitudes (Ramírez & Cevallos-Ferriz 2002) .
The xylem structure of Tapirira suggests that throughout its history its anatomy has been very constant. Quantitative characters are used to distinguish extant species. The presence of T. peninsularis in Miocene sediments in Baja California Sur is another example of a Tertiary North American occurrence of a plant that today is mainly restricted to South America, and supports the hypothesis that some taxa that had a wider distribution in North America during the Tertiary became established in South America via the Chortis Block. Further biogeographic work will allow a better understanding of how Tapirira and other extant genera of Anacardiaceae (e.g., Haplorhus, Loxopterigium) became established in South America.
